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mm* 

*H^lit^ h^JKT-fcfvWbHt* (Histone deacetylase:HDAC) IMjfl&J: 

m&&fa<D?*^>w&bmfc : j-<D&m£. t^h^r-t^Mmm (had 

R:J:«t^ b^©T**vWbfc % t * h yjftTW/Wfcll* (HDAC) |::J:3JttT 
i?^WbK<fcoTll$5£*vrv^o hdac 

6 (Marks, P. A. , Richon, V. M. , and Rifkind, R. A. (2000) . Histone deace 
tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , Loffler, M. , Hartmann, B. L. , 
Yoshida, M. , Kofler, R. , and Csordas, A. (1999). Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) o 

^mx^mmm^m^AyM t ltc^^&^i^ < o*»© hdac pi 

$j^ll(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M. , and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A. , Yamashita, 
T., Mariko, Y. , Nosaka, Y. , Tsuchiya, K. , Ando, T. , Suzuki, T., Tsuruo, 
T., and Nakanishi, 0. (1999). A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96, 4592-4597) 0ttftFft#Htt£;h,TV>S 

o 

HMC4**ttB«|fcLTtthy a ^^A (ISA) ^8 (Yoshida, 
M., Kijima, M., Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatinA. J. Biol. Chem. 265, 17174-17179) „ £R % TSA«fijfii^» N 

tffiMu *^&*2<D^*nm't&-£-#tat >ilx ^2 (Yoshida> M N 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 
murine erythroleukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y., Kijima, M. , Yoshida, M. , and Beppu, T. Expression of different! 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 
S., Horn, V., Bhattacharyya, N. , Russanova, V., Ogryzko, V. V., Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S., Tanaka, H. , Hayashi, M. , Kim, Y. B. , Furumai, R., Yoshida, M., 
Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 
2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rarajah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 
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1- ET0 leukemia cells. Cancer Res. 59: 2766-2769, 1999; Munster, P. N. , 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A., and Riehon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelm 
etti, V., Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , Schimpf, 
A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMB0 J. 20: 6969-6978, 

2001) o hdac mmm t n&i£&mm^fstt&&mm:irzmM t <d 

A/titlg&<Dfr{ki>*iBM£tlZ (Minucci, S. , Horn, V., Bhattacharyya, N. , Russ 
anova, V. , Ogryzko, V.% V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F,, Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelioci, P. G. , Lo Coco, F. , and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C. , Kutko, M. C. , Glick, R. D. , Butler, L. M. , Heller, G. , R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblasto 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C. , Fazi, F. , Gentile 
, M., Diverio, D. , De Fabritiis, P., De Propris, M. SL, Fiorini, R. , Spi 
riti, M. A., Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
Plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocyte leukemia: in vitro and in vivo studies. Blood 
100: 1065-1067, 2002) . *fc, #< <D»AMnt*»A4mmtt*)im»* 

—yxtmmtStlZ (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D., 
Turner, B. M. , Bisenman, R. N., and Bird, A. Transcriptional repression 
by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E. , Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999; Li, Q. L., Ito, K. , Sakakur 
a, C, Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S., Lee 
, C. V., Han, S. B. , Kim, H. M. , Kim, ff. J., Yamamoto, H. , Yamashita, N. 
, Yano, T., Ikeda, T., Itohara, S. , Inazawa, J., Abe, T. , Hagiwara, A., 
Yamagishi, H. , Ooe, A., Kaneda, A., Sugimura, T. , Ushijima, T. , Bae, S. 
C , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L. Antineoplastic action of 
5-aza-2'-deoxycytidine and phenylbutyrate on human lung carcinoma cells. 
Anticancer Drugs 13: 869-874, 2002; Primeau, M. , Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) 0 

l>5» TSA-^SAHA^^ Mto<Dfc^#/v*?MZ&^X?Uto0&£.&mm\Z 

Z ti>7F£flX^Z> (Gottlicher, M. , Minucci, S., Zhu, P., Kramer, 0. H. , 
Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. EMB0 J. 20: 6 
969-6978, 2001) 0 

wAcmmmi-imfcAsMufu^^ m^mB^mmm, mm. mmm (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) t$E 

(Dftm'&wm, £h\amte*mmiz-tevz^??-mA<D®mfc (Di 0ne t 

al., Virology 231, 201-209, 1997) % WAl&fcTO^fum (Chen et al. , 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) ft tffil* bPtfy hflX 

v^ 0 ^fc, mkcumm*&m^wmm*^ir%b%xbtix^z> aim, 

M. S. , Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E.", Lee, S. W. , Mo 
on, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim 
, M. S., Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) 0 

HDAC(C«:loa0^±O^7 ? ^^^#^El--5^, 4#£<£ HDAC Ir:/ * 

4 7k&Ast<D%mt£Mm*frfrox%tc< > witf, m*A,<Dm\\mit>xmm 
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fc&ttto, A., Lai, C. H., Zhao, X., Saito, S. , Hamilton, M. H. , Appella, 
E., and Yao, T. P. (2001). p300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMB0 J. 20, 13 
31-1340), ^«W#(CHDACl^HDAC2^ i |^^ rt(Juan> L ^ ^ ff 
J., Chen, M. H., Yang, ff. M. , Seto, E. , Lin, Y. S. , and ffu, C. ff. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443), itu#M«SM (APL) <D% 
S^M^5Se«PML-RAR^PLZF-RAR, y ^©MtH^?, Bcl-6 ^>tfS 

S (Dhordain P. , Albagli, 0., Lin, R. J., Ansieau, S. , Quief, S. , Leutz, 
A., Kerckaert, J. P., Evans, R. M. , and Leprince, D. (1997). Corepressor 
SMRT binds the BTB/P0Z repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S. , Ner 
vi, C., Tomassoni, L., Gelmetti, V., Cioce, M. , Fanelli, M. , Ruthardt, M 
., Ferrara, F. F. , Zamir, I., Seiser, C., Grignani, P., Lazar, M. A., Mi 
nucci, S., and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocyte leukaemia 
. Nature 391, 815-818; He, L. Z., Guidez, F., Tribioli, C. , Peruzzi, D. , 
Ruthardt, M., Zelent, A., and Pandolfi, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J. , 
Nagy, L., Inoue, S. , Shao, ff. , Miller, ff. J., and Evans, R. M. (1998). 
Role of the histone deacetylase complex in acute promyelocyte leukaemia 
. Nature 391, 811-814) „ Z<D-%X\ mil#Jll$ HDAC ? 
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£pf>tL(McKinsey, T. A., Zhang, C. L. , Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a hi stone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445), ^fl^^iMl^^fcMZ\t^^4 

£^tT?&>5 (Verdel, A., Curtet, S. , Brocard, M. -P. , Rousseaux, S. , Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 
749) o HDAC6^m^^-e^m^lib<. lE®f£$mt<Dftik\Z.mt>Z> kmfeZ fl 

r. kfr%ab%lX\t^?> (Matsuyama, A., Shimazu, T. , Sumida, Y. , Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y. , Nishino, N. 
, Khochbin, S. , Horinouchi, S. , and Yoshida, M. (2002) . In vivo destabil 
ization of dynamic microtubules by HDAC6-mediated deacetylation. EMB0 J 
. 21, 6820-6831) 0 HDAC6 I*'#/JnW \Z$i&irZ>®LT±<3 L MmmX% 

^J^OStljti^M-^i*^ (Hubbert, C. , Guardiola, A., Shao, R., Kawaguchi, 
Y., Ito, A., Nixon, A., Yoshida, M. , Wang, X. -F. , and Yao, T.-P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 

e £<*xmkC6omm%\ft&&mfflbt£Z>-*lM&&hz. TSAte#HDAC1?-:/ 

LXx.tf*is>r V b 7 tf*ri/>tZ HDAC6 ^Wt^ - t fcV> (Fu 

rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) „ Moim)^^ h ? 

Z<DZk ttmfrr h FUft<D&mc£^Xm* HDAC fcS&ftjfclUg 

TSAtefc Ko^f-AKX^HDACStt^y M^TM»iCiItt^5 - ^ -efi^ 
(Finnin, E S. , Donigian, J. R. , Cohen, A., Richon, V. It, Ri 
fkind, R. A., Marks, P. A., Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193, 1999.) . fc Kn mi»«t 3 HDAC L 
Ttt, Oxamf latin (Kim, Y. B. , Lee, K.-H., Sugita, L, Yoshida, M. , and H 
orinouchi, S. Oxamflatin is a. novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) „ CHAP (Fur 
umai, R., Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98 : 87-92, 2001., Komatsu, Y., Tomizaki, K.-y., Tsukamoto 
. M., Kato, T. , Nishino, N. , Sato, S. , Yamori, T., Tsuruo, T. , Furumai, 
R., Yoshida, M. , Horinouchi, S., and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) fc2fk&£> 
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IRWteffifcttSotVfeV*. rtlKotfU Siatei*oTFK228 ©^/l^7>f K*§ 

ttl^i9, HDAC&IWL#3;:£#jj*$;h,fc„ :i(DJ;5K:FK228!i, »rt 
^TC^-CMTC^ttTS'^i-ST'P K^y^-Cfo^ (Furumai, R. , Matsuyama 
, A. , Kobashi, N. , Lee, K. -H. , Nishiyama, M. , Nakajima, H. , Tanaka, A. , 
Komatsu, Y. , Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) e 

M-TzmWr V9^7^VMm<D%Hm^\&£frX^Z>7!)HMm Yoshida 1 

995) , r xtDmmnttt&fem* wn* <d&xwm& t \,x+%\m&x% 

ttsitf h y^y^ Ywmz%-rz>tt>&m*&m u ^<o hdac pi§^^ 
mmvtcu^ vw7 4 vffi&zft-rzik&mtin vitro xumm^^x 

» v^t*^ i?^^^ ^ K#©fiH4» tsa ^^^--/v^ ^ mm?>m ^ 
mjbxvw7 4 vffi&tmmLxm^mmwisfcZMAcumM^v k 
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5 r t nz J: 9{b^ojfii^t'-eo^tt^iil-t t t>t x ftgs (-sx) 

fttfttfi-fk^fc^is^s-ers r. t \z x v , hdac bm&of&m&jm 

CD ^T£>-$;5£ (D -e^^tis-fb-a-^o 




CsSf, R„, R^, R 31 , R«(i^ixm^AELT7K^*7c«^^S^^-r o R^, 

R23> r 32 . r 33 . R42. ^t^n^nm^vx^.^ $tmwti~&<D&$iT/is*;i>m 

A*fi,mwrtlp>*frt. R» R^, R,, R 23 , R 31 t Rs2 t R 33 , R„ 

mm. i~5 (Dwmr^u>m. imm. i~6 ©^«*^rf-5«s^*»: 1-5 
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S i i i S T/i'^/vS t L< tt7 !/ ^fctttulBRa, R 23 , R 32 , R M , R 42 

, ^fefi r 43 (Dm^^v^o^muir^mnm^t^^^^y^ 

C4) CD iBg&©fc^£^8tafc#*: bT^i"5, $HttB*jW. 

c 5 ] c 1 3 MflXk^**^^ £ br^^rrs . sk^mmmMo 

C 6 ] Cl] E«^-&««r^r«H*^fc x ^//WJWfiBtt. 

C8] fc^ b^T"fe^/Wb#^l*fcH:4(c®HLfc^^s % dSA/ % gB^fe 

aura, *fc»«sarcfc5* (7) 

Si. 

C9] -JRS; (2) 



P1-NR11^ ^COOH 

n «— jrs; (D -efe^b7c^^T'fc»3^ Hal rasing JllfJiC^- 

-#3fc (3) 




(2) 
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HNR21 




COOP2 



(5£4\ R u> R,,, R^, R^, Rjj, R 32 , R 33 , R 4 „ R 42 , RTfR i5 lt, -#5$; ( 1 ) t? 

fern Ltc t mmxh v , p 2 it^/^^^^^m^m-r) x^ $ tt^^-a- 



(S^tU n, R n , R,,, R 22 , R 31 , R 32 , R 33 , R 41> R 42 , r 4s> Pjj p 2j ^ H al \$ 

) 



(SS'K n, R u , R,,, R,,, R^, R 31 , R 32J R^, R 4J , R 42) R 4;jj Pp frtfUal it 

, M&xfemvtctmmx'hz) x^ti^t^m^n^\ (6 
) 



P1-NR11 




C00P2 



(4) 
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P1-NR21 




COOH 



(6) 



(5£«K R 21 , R 22 , R23. Rsi. R 3 2» R 3 3» R41. R42. R43> B\ tulBX^auyh 

tmmx-hz) x*7F$}i%fc&®%, (7) 



HR11N ^ ^COOP2 

(ft*, n, R u , P 2 , &tfHal It, S&fBT*^ Ufc £ fiflfcTfcS) T?*£*l/5fb 



(5Sq\ n, R n , R 21J R 22 , R^, R31, R 32 , R33, R»„ R«, R43. Pi. Pa. XtfHal it 
£j£S*-t\ ±lE-» (5) X7F£tlZ>fc&®Z'&s &V>*?-jR5£ (5) T'^ 




P1-NR21 




COOP2 
(8) 
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•14- 



R43 




R23 



n, R n , Rj,, R^, R 23 , Rj,, R 32 , R 33 , r 41 , r 42> R 43 }t s SulET-^il L 

sit, *%m<Dmmomn\c-o^TmmK&'3%mMfrnmi'5o 

fctt HDAC LTttffl-Ct 5 0 

-LIBa; (1) *K R„, Rj,, R 31 , R„«^tL^tt«UT7k^*fe»4^^Si 
•r5i:i:d5T-#5 0 £7c, R 22 , R 23 , R 32 , R 33 , R,,, R 43 ft, ^JiWiUT^i 

-fs^^-e^ -^x\ ZimWt i~6 oilST/^/kSfcioi^MMftT 

^•^LTV^Tfci^o RutRa, Rat 8a, R 3I tR 32) R^R*, R« £ R« 

. R42 1 r« »x ^Mf^^^mt-r &m$m&& t o x *> * < , * fcsfcg&m 
ft i~5 ©is^r/v^ i/^s, i~6 ®^tt«*^r 5«*n*ft 1-5 © 

mmr^uym. t> L < ft^Hfc 1-6 omilltjbWUiSlft 1-5 ©E 

^37^ hWfi«^» HDAC yh^SC^t^i bT«ffi L#3 £ 
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* (l) 4\ X&7kilf£U »9^5flOHR^fci'bmi»HDiAC|a* 

5ft^^t5ii:»U\ HDAC ia*ffitt*^ri-5^*-/k 

S©£5£«^#5fc*fc: s Xfctt£fltf3*CftW£*k ^ffKiW*-CftV^»a6 
«:Jl^S£J:##*bi\, £©,fc5&1I$fc£fcLT«\ ^RX^»5^5fllElim 

L'C^L#57;i'^St) L < tt7 P ^fcfiiiufBR^ R^, R 32 , R 33 , 

R 42 , ^fctt R 43 ©^(c^L^XO&^g-rsam^i^^^^^ 

5 hdac MSS#aS!t1-S z> 0 ^H^^^ri-s^jtoT/v^r/v 

St>L<tt7y^Sli % S&fclK^fc^&toJtTVvrfcJ;^ HDAC 
ht°y i?>m<D%&Wi*A'*'79 y\Z-Mz-, 5-7f9*t^V^fi?x^v 
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TcT;V*;V* ;Vfj zf? tc}*T V t\<* -f?y$> Z? ]) y K© X K 

h Km^&fiOUK^S TOftSftn *&ftSjlt*fttt % HDAC 

■e#5o R n , It,,, R^, R^, Rjj, R^, R 33> R 41 , R 42) R 43N :fc,fctfnfc2?©)£ 

5#8n?&5. Att&fctt* (2) 



P1-NR11 




(2) 



*e^$tL5^^ (3) 
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R22 R23 R32 R33 R42 R43 

y v y (3) 

HNR2i x ^ , »CONR3i- X ^CONR4i'^ Vs COOP2 



Hal 



R22 R23 R32 R33 R42 R43 

, y (4>y y 

P 1 - N R1 CO N R21 C O NR3i^^^ CO N R41 COO P2 

(4) 

^v^t'buib-^ (4) x^£tiz>4t&m&, mmm^m^ warn, hv< 

-m^, (5) 
R43 



— JL R31 R21 

/ N X N 0 



R33 

R32 



R22 

R23 (5) 
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1 8 



R43 

R4 



R32 

•R22 

R23 



(9) p 3 i^^7ni«is^t 0 

5^fe"C*>5. Jir#lftlCtt N -JR^C (6) 

R22 R23 R32 R33 R42 R43 

\> y y (6 > 

Pi-NR2i- X ^CONR3i^ Vt CONR4i x ^^COOH 

-e^Sftste-g^fc, (7) 




n (7) 



HRuN^ ^COOP2 
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P1-NR21 




CONR11 



Hal 



COOP2 
(8) 



ttttmkELJ&Zik, (9) 



hdac M^-r^-aw, d^gna, ejk^ia, &&Tm&mj&tKZ<o& 

w t&Wmfrh&bflX^Z) (Yoshida, M. , Nomura, S., and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M., Yoshida, M 




P3 



(9) 
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. , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 
Biol. Chem. 55: 1491-1495, 1991; Minucci, S., Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, 51, Arima, S. , Tanaka, H., Hayashi, 
M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 
(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AML1-ET0 leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T., Rosen, N. , 
Rifkind, R. , Marks, P. A. , and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61: 8492-8497, 2001; Ferrara, F. F., 
Fazi, F., Bianchini, A., Padula, F. , Gelmetti, V., Minucci, S. , Mancini, 
M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S., Zhu, P., Kramer, 0. H. , Schimpf, A., Giavara, S. , Sleeman, J. P 
Lo Coco, F., Nervi, C, Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMB0 J. 20: 6969-6978, 2001) 0 <fcoT N ^^Ofc-g^ 
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o 

•ttc hdac *m.m-r?>4k&m*, ^m^mmi-ztfrn^fix^z (Kim 

, M. S., Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. ff. , and Kim, 
K. W. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., K 
im, M. S., Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 
290-296) e £oT N *»W©fl3^»tt. LT^Jffl-Ct 5„ 

3tc3&W©flrfHfeH\ g*tf>HDACCD5 hs HDAC 1 , 4 (CftLTSftftlC 

m^mmm&&7F-f 0 ^<ot^. *&m<ott&toi&, hdaci, 4\mmLtc&& 
hdaci, 4sjsw#u/tiBi6«^js, Bu%m, mmmft 

*fes ziommmffltp &m&m. ®$m. mm. mmm. -traaj**-* 

j^fifcRBKjSfctt^KiBWKilSCTWR-e*, 0!l*.ff, flgftiU *l#J, ft*g 



WO 03/070754 



PCT/JP03/01859 



-22- 

^-r^-^tt#ffi^^| % Witf#JlyM-h 80 T \ HC0-50 £#/BLT 
BfflH-h5 3rA««« % «^J, 0!!;U*, «[»^a*^^ % 5Sf^ 
fflfcLTtt, «*tf, SJttpL S»&$*@U ftftS#fflftif 

M60kgiLT) fcfcWCtt, fcfjT % 1 BS5«&0.01^e,30n«, 0£L<tt&> 
0. 1 frt, 20m g> £ 9#*L<tt» 0.1 frb lOmg 8fi*#|ljiai*fc i 9 g-^-fs 
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oitmU'Srebz t%z.t>tiZo immmvw&h. m 60k g mcv\mw-L 
, ftmm, m.&. s4»j:ott>ii45^ ^issi^a (m eokg 

at) Ki^TIi, 1 B*>fcDj|&100Mg* i 5>2(hngT?«>«l:#^e>*L5. 

m 1 tt, gllltfe 5 ^*-/l^6* T?Oft*|Wfe 5 © LDLD foh 3 VMi LDLL # 
© SCOP ©flfii©— EE&j3*1-H"Ci>5. 
g! 2 ft, ^HtS-Cfc 5 ^-A-g^-C^S&gBR 4 ~ 7 © SCOP Op5t^r^i- 

gl 4 fi, SCOP 15 2 \Z.U* <Dtt&to&1&&£lt1t'^ y KM© SCOP (DM 

07 ft, SCOP 152, SCOP 304 & J; IF SCOP 402 ©lfeitf»-C©g££tt©ffMlli&*T 
08f3\ SCOP 152, SCOP 304 4o J; 0 SCOP 402 <0%®8& \"<A'X*<D!£7£$k(DW$i 

3MSfeWT?^^b^©^J5j6XS©^ft©Jttl/^H 1 , 2 fcl^U H-L-Ab7-0H 
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2-amino-7-bromoheptanoic acid £ T A b7j 2-amino-7-acetyltioheptanoic 
acid£ rAm7(Ac)j 2-amino-7-mercaptoheptanioc acid £ TAntfj sul 

fide of 2-amino-7-mercaptoheptanioc acid £ rAm7(-)j 2-amino-8. 9-dim 
ercapto (S 9 -2' -nitro-N, N' -dimethyl benzamide) £ rAm7(Bll)j 2-amino-S, 
9-dimercapto-ll-hydroxyundecanoic acid £ rAm7(SMEt)j fc % 2-amino-8. 9-di 
mercapto(S 9 -2'-pyridyl) nonanoic acid £ rAm7(S2Py)j & % 2-amino-S. 9-dim 
ercapto (S 9 -4' -pyridyl) nonanoic acid £ rAm7(S4Py)j 2-amino-8, 9-dime 
rcaptodecanoic acid & rAm7(SMe)j ^b^T^ -5 Sulfur- 

containing cyclic peptides & TSCOPj £f5&LT7jH"o 
^J&#!l 1 . Boc-L-Ab7-0H <£>-g-/?fc 

H-L-Ab7-0H (7.3 g, 32.4 mmol) : v^f->- = 1 : 1 (30 ml, v 

/v) t^L N 7fC?^T(Boc) 2 0 (7.68 g, 35.6 mmol) RTF h V =r.^/VT ^ V (6 
■ 72 ml, 48.6 mmol) ^Mx.SmmmV± 0 ^-^frVft^ 

****** U «IET««ttK:«|fto«|BftM (10.4 g, 32.4 mmol, ft* 
100%) &#fc 0 

£8608 2 . Boc-L-Ab7-NHMe 

Boc-L-Ab7-0H (326 mg, 1.0 mmol), VO** / * (SI ng. 1.2 mmol) 

, HOBt • HjO (184 mg, 1. 2 mmol) © DMF (3 ml) j&Kfc*?&T-C h y ^jVT 
(0.17 ml, 1.2 mmol) &TJ?DCC (247 mg, 1. 2 mmol) %Mx.1t 0 15 
DMF&g^U BB&*?vHcjgj8?U 10% ^V&7Mg$£ N 4% mW^M 

m*77y*s^sV*>f,V>,wW774- (3.6x15 cm, ^n#^A) 
TiSU *-^/«**-^ (1:10) fcOnfcTHfcU g«»^«>ff|B 
ft** (250 mg, 0.74 mmol, J|£* 74%) fcfcfc. TLC: Rf = 0.58 (CHC1 3 / MeO 
H = 9 / 1) 
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H»J3. Boc-L-Am7(Ac)-NHMe <D&$, 

Boc-Ab7-NHMe (125 mg, 0.37 mmol) <D DMF (2 ml) ^ftgfcfr V !7 

A (64 mg, 0. 56 mmol) Sr/JP&T 3 W$m%.J&£ : &t£ 0 DMF£@i:U ftSfc^/l' 

fci§#U 10% ^^>^*^Wiafp^7KT^^Lfc^, M g so 4 -e^M 

^ ^-tvv / r/i^ (1:10) ZMz-XmfcU e-fe^^fE-fk 

(120mg, 0.36 mmol, JjX^ 97%) &r#7e: 0 TLC: Rf = 0.57 (CHC1 3 / MeOH = 
9 / 1) 

MMM 4 . Boc-L-Am7 (-) -NHMe SS dimer ©^Je£ 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) <D DMF (0.5 ml) IfeWi.K-* $ J — 
7^=7 (20 eq.) SrJU*., 24 ^^#bfc 0 &«£$i$S^ £j&Lfc SS 
dimer ^yVa^P^/^nv h^77^- (1.5X30 cm, 1%^^7 — 
/V / ^nn^M) TitiSlU &'fei|&mo^lB'fk-a-^ (43 mg, 0.11 mmol, Ifc 
^ 61%) &4§fc 0 HPLC ^g^UCk 8.5 min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], Cagl^N^ (579.3250). 
%Wfr\ 5 . Boc-L-Am7 (S4Py) -NHMe 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) <D DMF (0.5 ml) ^^4,4'-^^ 
i?t°})i?> (79 mg. 0.36 mmol) ? J — /H^T^^T (20 eq. ) ^TJP^L 

77^- (l. 5 x 30 cm, ^pp %)\< A) -elifM u S8gttflk£fTV\ SfBffc-g- 

4b (43 mg, 0.11 mmol, W 61%) £r#fc 0 HPLCflHWSU 5.6 min, HRMS (FA 
B, dithiodiethanol), 400.1766 [M+H], (yi^^ (400. 1729). 
Mfi&ffl 6 . Boc-L-Ab7-0Bzl 

Boc-L-Ab7-0H (4.05 g, 12.5 mmol) & DCM (20 ml) |£%AEU TfC&T^^S? 
jVT)V^—)V (1.55 ml, 15.0 mmol), 4-vM ^/KT ^ / \? V (153 mg, 1.2 
5 mmol) S.7J?DCC (3.09 g, 15.0 mmol) 8 I^MSHfSrff o/t D Rf&flfcfc 

sm^^fc»»U, 10% ^3iy»7K»«, 4% tim^M-TYD ?A7k 
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a ->^^p ? b^7 7/f - (5X20 c% 20% mfc^/\» / ^Vls) T 
*ISU ifcftO&fBfbg^ (4.29 g, 10.4 mmol, ft* 83%) £#fc 0 TLC: Rf = 
0.49 (mSt^/U / ^3rU-V = 1/4) 
UMffl 7 . Boc-L-Ile- L-Pro-OBzl O-g^ 
Boc-L-Pro-OH (1. 08 g, 5.0 mmol) Hy^oU* (0.893 ml, 75 mmol) 
t*DMF (10 ml) * x *»TChy*^T5^ (10.5 ml, 75 mmol) #£T 
^CyhBoc-L-Pro-OBzl^»i;LT#fc 0 £*lfc*?frT2N 
HC1 / i?**-^ ( 5 eq.) T? 3 «S^$*T, H-L-Pro-OBzl • HC1 £#fc 0 

Boc-L-Ile-OH • 1/2 H,0 (1. 39 g, 6.0 mmol), H-D-Pro-0Bzl • HC1 (956 mg, 4 
.0 mmol) ]&Xf- HOBt • H 2 0 (613 mg, 4.0 mmol) <D DMF (10 ml) «^7k^TT 
DCC (1.24 g, 6.0 mmol) RU V V ^9vKT $ > (0.70 ml, 4. 0 mmol) £7)11**: 

o s^TO#m. dmf^t^l. mm^Mmmu io%?^m&m®, 4%^ 

^TK^^hy^ATk^A^^^-eiii^^L^ M gso 4 T^^ wm 

s »77yV^>U^nvb^7^ (4X30 cm, 
/ T^L, ^^#15^^ (1.63 g, 3.38 mmol, ft* 85% 

) £#7c„ TLC: Rf = (CHC1 3 / MeOH = 9/1) 

8 . Boc-D-Tyr (Me) -L-Ile-L-Pro-OBzl <D&& 
Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) £ TFA (5 ml) i^BU 
TSO^^bfCo Kfom®TFhZ®3:U MffiTHi^L, H-L-Ile-L-Pro-0 
Bzl • TFA mtc 0 r^^rDMF (8 ml) Boc-D-Tyr (Me) -OH (1.50 g, 

5.07 mmol) *WC*»THBTU (1.92 g, 5.07 mmol), HOBt • HjO (51 

8mg, 3. 38 mmol) RXI Y V ^5vV7 S > (2. 37 ml, 16.9 mmol) 3 m 

7^»77r^yyj,^ D vf^ 7 ^ (4X30 cm, 1%^ * y 
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~ } \, I ^pp^VA) Tit^U y*— J^lDW&tt&tk (1.44 g, 2.42 mmol 

, Jfc* 72%) £#fc e TLC: Rf = (CHC1 3 / MeOH = 9/1) 

HWJ 9 . Boc-D-Tyr (Me) -L-I le-L-Pro-L-Ab7-0Bzl 
Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (1. 44 g, 2.42 mmol) Sr^*/ — /V (12 ml 

) \Z.mmU 5% Pd-C (150 mg) #fiETSHttJS5c*fTofc 0 5 fiftRML Pd-C«jSfc 

SritiiU Boc-D-Tyr (Me) -L-Ile-L-Pro-OH • TFA £#fc e 

Boc-L-Ab7-0Bzl (1.29 g, 3.12 mmol) £ TFA (10 ml) KUffiRU 30 

#Wtt*bfc. K£**TltTFA«r«*U a&ETf£*feU H-L-Ab7-0H * TFA 

fc 0 rtb&DMF (16 ml) Boc-D-Tyr (Me) -L-I le-L-Pro-0H (1.21 g, 

2.40 mmoDSriP^ g^T^T HBTU (1.18 g, 3.12 mmol), HOBt • H 2 0 (368 
mg, 2.40 mmol) &Xf h V ^5^7 $ 34 ml, 9. 6 mmol) SrJn^.^ 3 ^fTO 

W^yy^-^^Wovf^?^- (4X30 cm, 2%^ ? 
pp*M) -CfKRU 7*— AftoailBfljfr* (1-20 g, 1.47 mmol, JRsfS 61 
%) TLC: Rf = (CHC1 3 / MeOH = 9. / 1) 

%Wfr\ 1 O . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA <D^$u 

Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1. 47 mmol) Sr**y — JV 
(7.5 ml) KWmU ?d~Cfm (130 mg) T> g&ft3S7G&?To;fc. 5 ftlRftK Pd- 
C U Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H 

„ rtl^r TFA (5 ml) K:J§#U tKJ^T 30 ^TOIUfe. EJfc#&«3c8U 
— T'^v / *m*-TA< (l : io) Srflut-cHfcU mmmmm^UBit^m (7 

70 mg, 1. 02 mmol, W 69%) ^r#fc 0 

mMW 1 1 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) <D&& 

H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H- TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) RTfi DIEA (0.71 ml) £r5#§'JLT 30 DMF (1000 ml) 
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, 10% *^>wt*tm. 4% KaR(n 3 Axfim&&m&T'mft.fmu M g so 4 xnm 

(4X30 cm, 2)i^;-;^BB*M) TllMU 7*- 130 
mg (21%) &#fc 0 HTLC^tffl, 8.20 min., FAB-MS (dithiodiethanol), 593 
[M+H], (593.2). 

1 2 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) (D&ffc 
cycle (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) (25 nig, 0.042 mmol) (O DMF (0.5 m 
1) mm^*ffi&$ }) (9.59 mg, 0.084 mmol) &M%.X 3 WS^-fr 
tc 0 DMF £^£U aS^ll^^/ViC^t) 10% f^mfcmm, 4% NaHC0 3 .& 

mmmVX 19 mg (76%) <DmVt%>*mc 0 HPLC UWmm, 8.20 min., FAB-MS 
(dithiodiethanol), 589 [M+H], (589.3). 

mmmi 3. Cy C lo(-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 
96) 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) (19 mg, 0. 0322 mmol) & it£> 
fcDMF (2 ml) J&Jfctei£j&»U ^-/HSeT^^T (10 eq.) £ffr££-£T 

T±^7um^m^Ltc D mmmz® dmf (2 mi) «a>u 1 m i 2 /~,v 

) 0.04 ml ZmPLXnfc&ft-otc. «Lfc SS dimer £ Sephadex LH-20 (DMF 
) *yA-e»^Lfc 0 7klrAB^Te^^i:UT#fe 0 Ife* 7.4 mg (42%) 0 HP 
LC ft&9$ffl^ 14.1 min., HRMS (FAB, dithiodiethanol), 1091.5648 [M+H], C 6 
Afiji^ (1091.5674). 

Mt&M 1 4 . Boc-L-Ile-DL-Pip-OBzl (D&$, 

Boc-DL-Pip-OH (2.29 g, 10 mmol) M^^o^K (1.79 ml, 15 mmol) 
t %t DMF (20 ml) *PXhV^/VT*> (2.1 ml, 15 mmol) #&TT^j£$i$: 
T, £CfcBoc-DL-Pip-0Bzl£?ft^£LT#fc o ^*i£2 N HC1 / 
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>(5 eq. ) T? 3 B$raHJ&&-£T s H- DL-Pip -OBzl • HC1 £r#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (2.47 g, 10.7 mmol), H-D-Pro-OBzl • HC1 (2.28 g, 
8. 9 mmol) RTf HOBt • H 2 0 (1. 36 mg, 8. 9 mmol) <D DMF (20 ml) SHftlCjkftT 
t* DCC (2. 20 g, 10. 7 mmol) RTF h V ^fVT % V (1. 25 ml, 8. 9 mmol) %M 

4x#sbk*-*- h v v &&m0iATfi&ft&mfr-emk&&i'tco Mgso 4 T*§t«L 

ftft jft»77S'^^!)^Wn-7h^77>f- (4X30 cm, 1%^/ 
— /V / ^aa*M) T'ilL, ififtOM diastereomer j®£>4& (3.33 g, 7 
. 70 mmol, « 87%) £#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
mMM 1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (D&J$ 

Boc-L-Ile-DL-Pip-OBzl (3.33 g, 7. 70 mmol) £ TFA (10 ml) fci&#U ^ 
?^T30^ra*kiSUfco ®£Jl*T&TFA«:«*U ®&Tffi&U H-L-Ile-DL-Pi 
p-0Bzl-TFA £r#7c„ itV^TDMF (16 ml) fc3gjS?§-U\ Boc-D-Tyr (Me) -OH (3.4 
1 g, 11.6 mmol) *M?L, feV^TzlCifrT HBTU (4.38 g, 11.6 mmol), HOBt • H 2 0 
(1.18 g, 7.70 mmol) RXf- h V ^^VVT ^ V (7. 01 ml, 50.1 mmoDSrTjn^ 3 B# 

mmwvtco Rj&m&ms&. mwi^j-Mmmu 10 jt^fBfcM^su 4%^ 
^A*^»^iafp^^4c-effi^^ufco Mgso 4 -cs&»^ mm 

s 7f A»77S'^^!J^Wnvh^77^- (4X30 cm, 1%^ * 
/V / ^aP^WA) l?^f^U 7^-— i»^^|E diastereomer ^^fe (3 
. 46 g, 5. 67 mmol, JR* 74%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MM®] 1 6 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0Bzl <D&& 

Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3.46 g, 7.37 mmol) — (30 m 

1) KfemU 5%Pd-C (230 mg) #&Tg&ttit7n*fTofc 0 8 l$|BJ#U Pd-C#b& 
&«51U Boc-D-Tyr (Me) -L-Ile-DL-Pip-0H5r#fCo 

Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) % TFA (5 ml) Kl»»U 7ki£T30# 
MftllLfc. S&l&TfcWA&f^fU «EET««fcU H-L-Ab7-0Bzl • TFA 
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fc 0 ZtlZWF (16 ml) imMZlt, Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (2.80 g 
, 5.39 mmol) fcjD*., ^V^TtK^T HBTU (2.66 g, 7.01mmol), HOBt • H,0 (82 
5 mg, 5.39 mmol) RTf h ]) in^TS ^(3. 02 ml, 21.6 mmol) fc^Px., 3 Iff Ffl 

7t-At!H:77S'^^!J^>7 i ;^^i'^v^^77^- (4X30 cm, 2%**/ 
->V / ^n*/VA) X-nmV, 7*- A^©^1B diastereomer (4.0 
7 g, 4.91 mmol, JRJ* 91%) &r#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
^MM 1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA <D&f$, 
Boc-D-Tyr(Me)-L-Ile-L-Pro-DL-Pip-OBzl (4.07 g, 4.91 mmol) £ * ? J — ;V 

do mi) M-cmm (300 mg ) ^rmmmTn^n-otco s^ram, p 

d-C U MJ»£|£*m, Boc-D-Tyr (Me) -L-Ile-DL-Pip-0H £#fc 0 

Zil* TFA (10 mL) fc**U »T 30 MtkW:Lfc 0 BLJ&WiZWi;^ ^~ 
TVW ^^y^ju (1:10) SrJPfcTIHbU ®jET«#^i5 diastereom 
er flrfMfe (2. 60 g, 3. 51 mmol, Ifcsfg 72%) £#7c c 

1 8 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pip-) & J: Cyclo (-L-Ab7- 
D- Tyr(Me)-L-Ile-D-Pip-)©^ 

itrf^^fK, H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2. 0 mmo 
1), HATU (1.14 g, 3.0 mmol) RXF DIEA (1.0 ml) %5frm\.X 30 #fefc DM 
F (1000 ml) J^P^T, Si{bS;S£*To7t 0 2f$F^ v SiS^^^^, H^cc 

KxMlkfcfrLtc. MgS0 4 T^^ 7*-^®*??*,*,^])$? 

;^D-7h^=7^^ (4X30 cm, 2%p< * 7 -/V / ^oo^A) T?*»3RU C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) £ 372 mg (61%, HPLC tfy#B£M, 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7 (-) -D-T 
yr(Me)-L-Ile-D-Pip-)^238 mg (39%, HPLC «#l$|Rk 10. 5 min. , FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), ZMtl?* — J*ftk LT#fc 0 
1 9 . Cycle (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) <D&& 
cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 mmol) <D DMF (1 ml) 
*88ftfcf-*ffflfc& JJ (69 mg, 0.315 mmol) 3 R#P H TO&£i*fc 0 

MUX 109 mg (86%) ©ififtfcSrfcfco HPLC 8.94 min., FAB-MS (di 

thiodiethanol), 603 [M+H], (603.3). 

MMW2 0. Cyclo(-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 
98) <D&}& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pip-) (114 mg, 0. 198 mmol) <D * 9 
(0.5 ml) femz-*?; ^ ~ T (10 eq.) SrfftBSHrTTi?^ 

>uX«rBfc*Ufc. M4I DMF (2 ml) fct&SU 1 M I 2 (^/-/W) 0.25 
ml %M7LXmk*fio1t 0 £MLlt SS dimer£ Sephadex LH-20 (DMF) %y 

j*xmmvtc 0 MMx.xs&nMkhxmco jr* 82 mg (78%) 0 hplc &w 

B$Rk 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C^O,^ 
S 2 (1063.5361). 

MMM 2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) <D^t$L 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pip-) (240 mg, 0.40 mmol) <D DMF (0.5 m 
1) ffittXC<f-*Bm*}) (69 mg, 0.60 mmol) *tR*.X 3J$ITOS£-£fc 0 

w&m&wmfo. mwt^Mmmu mt^m*.®Wi. 4%mm^m-thv 
® tmmK&j&vtc^^x^ ^z^mmmvx m m g (66%) ommn&&it 

„ HPLC fitttttffl* 10.5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 
HMJ2 2. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) <D&fc 

cyclo(-L-Am7(Ac)-D-Tyx(Me)-L-Ile-D-Pip-) (160 rag, 0. 27 mmol) <D DMF (1 
0 ml) tm\Z**S~Sl&7>*-T (10 eq.) M$tt7tf;H^iS 
Lfc 0 mm8&& DMF (2 ml) fc*^L, 1 M I 2 (:r*/-,v) 0 . 31 ml %MtL 
TKfljSrffofc. £$L7h SS dimer£r Sephadex LH-20 (DMF) *7AfffilL 
fc. *&ta;iT&6t&5fcfcLT#fc 0 54 mg (36%) 0 HPLC fiy$R$ffl % 13.4 

min., HRMS (FAB, dithiodiethanol) , 1119.5939 [M+H], 0^0,^2(1119.59 
86). 

MMffl 2 3 . Boc-L-Ile-D-Pro-OBzl <D&ffc 

Boc-D-Pro-OH (17.2 g, 80 mmol) t^y^p^ K (14. 3 ml, 120 mmol) 
b & DMF (160 ml) WTTfJiW^ (16.8 ml, 120 mmol) #£T 
Boc-D-Pro-OBzl «r*M**>£ tttfc. r*L& 2 N HC1 / ^^f- 
^ (5 eq.) T»3I^f|WK^$*T^ H-D-Pro-OBzl • HC1 £r#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (24.0 g, 100 mmol), H-D-Pro-OBzl • HC1 (19.3 g, 8 
0 mmol) &U?H0Bt - fyO (15.3 g, 100 mmol) <D DMF (200 ml) ®m\Z%.$}TX* 
DCC (8.3 g, 30 mmol) RTfih V ^f-?V7 5^ (3.5 ml, 25 mmol) &&Hjifc 0 8 
#m«#f*4t, DMF£g*U I»3t^A,Jc*#L, lW^fBfcfci&ifc 4%J£ 

^7K^h];^A7K^^»^7KT*Jii^^Lrt 0 MgS0 4 T?H;«, m 

, ltl^775'v'a^^P7f/77^ (4X30 cm, l%p< * / -/], 
/ ^P*/VA) -C|»«L % Jfcfc©«fBfc£*> (21.5 g, 51 mmol, 72%) 
<£r#fc. TLC: Rf = (CHC1 3 / MeOH =9/1) 
^JS^J 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-OBzl 

Boc-L-Ile-D-Pro-OBzl (21. 5 g, 51. 4 mmol) £ TFA (50 ml) U t|C?£ 

Tl ^SCS Lrb 0 £&*7*TFA&**U «£ETftj»U H-L-Ile-D-Pro-OB 
zl • TFA £#f Co itl^DMF (100 ml) Boc-D-Tyr (Me) -OH (16. 7 g 

, 56. 5 mmol) ^V^Tt^T HBTU (29.4 g, 77 mmol), HOBt • HjO (7.8 
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7 g, 51 mmol) RTfh V ^'^T 5.^ (25.2 ml, 180 mmol) 3 WTfiW, 

m-f-h v v &7m&Rx?mi&M7kx»MfcftfrLt£ 0 ugso^mm, urn, y 

^A»77^v/^!)*Wn?f^77^- (4X30 cm, !%?*■ ? / — 
;V I ^DP*M) Irffi^U — A^O^lB^t) (22.0 g, 37 mmol, l{5t 
m 72%) £#7c 0 TLC: Rf = (CHC1 3 / MeOH =9/1) 
HJI^J 2 5 . Boc-L-Ab6-0Tmse 

Boc-L-Ab6-0H (620 mg, 2. 0 mmol) b h ]) * fA'V!) / —/M0. 572 ml, 

4. 0 mmol) t % DCM (6 ml) f "C 4-v^ fv^T $ 7 fc° ]) (24. 4 mg, 0. 2 mm 
ol) ##T6#IWa£#Lfco @»^W^j$U h**^ 

BfokigSu 4Wifflfc*#^hy ^ATK^^^^mTKX'Mg^^bfco M g S0 4 

»^75y^V!J*WP^h^77^ (4X30 cm 
, 10% BHfc***' / ^M*"^) U JfciR<0«lB{ls£4&> (820 mg, 1.62 m 

mol, Jfc# 81%) &#fc 0 TLC: Rf = 0.97 (CHC1 3 / MeOH = 9/1) 
MMM 2 6 . Boc-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0Tmse <D&$, 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.01 g, 1. 70 mmol) %:*$J— ;V (20 ml 
) fc»#U 5% Pd-C (150 mg) #fcT8&fe3t7G&fTofc 0 8 BfrWgL Pd-Cftfejj£ 
SritiSU SJE*^f?*«> Boc-D-Tyr (Me) -L-Ile-D-Pro-0Hlr#7t o 

Boc-L-Ab6-0Tmse (1. 51 g, 3. 0 mmol) & TFA (5 ml) U tK?p T 30 ft 

mmn^tco a&^7^a«£ii*u mmnmu H-L-Am6-oTm Se • tfa 

&#fc 0 ^ftSrDMF (3.5 ml) tK&TT? 4 hit Boc-D-Tyr (Me) - 

L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) RXf- h V ^ 
^JVT^S (0.24 ml, 1.7 mmol) 3l*MH£J^Lfco £jSiK$r*l6fU 

mm^Mz-tmu mt^mfoffifc. 4%ffik&mi-Y>v 
m$m&x-M#. ; &&hfr 0 m^ugso^nrnt, 7*-aw77^> 

aV!/*^nrf^77/f- (4X30 cm, \%*#J*- ;v / ^bp^A) 
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T '^ U (888 mg, 1.09 mmol, 6450 £#fc„ TLC: Rf = (CH 

Cl 3 / MeOH =9/1) 

2 7 . Boc-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D&& 
Boc-D-Tyr(Me)-L-Ile-I>-Pro-OBzl (1.19 g, 2.0 mmol) * TFA (5 ml) 13ft* 
U *»T30^WttWL*:. ®ft*T*IFA»au *£T**U H-I>-Tyr 
(Me)-L-Ile-D-Pro-OBzl.TFA £#fc 0 i*i,£DMF (4.0ml) Boc- 
L-Ab7-0H (652 mg, 2. 0 mmol) fcJaa., «V*T*»THBnJ (1.14 g, 3. 0 mmol) 
, HOBfHV) (306 mg, 2. 0 mmol) X.VhV=rA,T%> (1.4 ml, 10 mmol) fc 

mm, 4%%MtmThV9J*7mmATtmQ&m>vmmfri,it 0 M g so 4 x^ 

«^ felfc 7t-AtM77^^^y^^ Pv] ,^ 7 ^^ (4X30 
cm, »^y^/^ B ^ A) till, 7*-A«©*BflS#fc (1.51 
g, 1.89 mmol, ft* 94%) £#fc 0 HPLC ftftl$|RK 9.15 min. 
»#|2 8. Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2. 0 mmol) £ TFA (5 ml) 
U *»T30^MJWtLfc. K£*T«TFA*«*U WETl&SfcU H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA 5r#7t 0 iixfcDMF (4.0 ml) Boc-L- 
Ab8-0H (676 mg, 2.0 mmol) &M*.^ «V*T*JfrTHBTU (1.14 g, 3.0 mmol), 
HOBt • H.0 (306 mg, 2. 0 mmol) RV h p ^,v T ^(1,4 ml, 10 mmol) fcOp 

^m^^by^A^^^^^r^^L^ Mg S0 4 T'^ 
Mm, 7*~&Wto&7 ; 7y%/=L*/yj]/f,vtxi^yiry7 j*- (4X30 cm 

, a^;^/^„^ A ) T«U 7*-Att©«Bfc** (1.44 g, 

1.76 mmol, Jft* 88X) &#fc 0 HPLC fttf&IRK 10.9 min. 
MMM 2 9 . Boc-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OBzl (D&fo 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2.0 mmol) £ TFA (5 ml) fcj 
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u 7k%iT30ftmmmvtc o s^t^tfa^s^u mi±mmu H-D-Tyr 

(Me)-L-Ile-D-Pro-OBzl • TFA &#fc 0 ^*l£DMF (4.0 ml) Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) ^V^T^THBTU (1.14 g, 3.0 mmol) 

, HOBt • H 2 0 (306 mg, 2. 0 mmol) RXJ- h V ^>VT % ^(1. 4 ml, 10 mmol) £ 

tm, nmm^m-r h v ^^^mRx^m^m^^mm^Ltc 0 M g so 4 -es£ 
mm, 7*-A«»t79y^vj)*wiivb/57>f- (4x30 
cm, 2%*9/-;v / tvLufr/uj*) tin, y^-^(ommit^m (1.31 

g, 1. 58 mmol, W 79%) £#fco HPLC fiy$H£|Rk 11. 7min. 
MMM 3 0 . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-OH • TFA 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) — ;V 

(10 ml) fc$§fl?U 7K^TT3^S>Jtfc 1 N NaOH fcW-ffl. (1.32 ml, 1.33 mmol 

mRXfmfa-k1£&-?m&$t&Vtc 0 MgS0 4 -Cij»gL Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H £#7t 0 r*l£r TFA (5 ml) \Z.WMU 7K^T30^^^g 
L7c 0 a«£®5fefK ^JETfyiU ^^^fB^-a-^ (778 mg, 1.07 mmol, 
» 96%) £#7c 0 

3 1 . H-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-0H • TFA 
Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.51 g, 1. 89 mmol) )V 
(5 ml) \mMU 5% Pd-C (150 mg) ^T^jItc^^To 7c 0 5 I$TOs Pd- 
C&fe$££?&i&U Boc-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0HSf#fc 
0 TFA (5 ml) K®MU tR^T 30 ^TOfi b7t 0 ^ 

JET^L, WO^IE^^ (1.15 mg, 1.84 mmol, « 97%) £#fc 0 
llJS^I 3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-0H • TFA <D^f& 

Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 44 g, 1. 76 mmol) S:^*/— /V 
(5 ml) l«t, 5% Pd-C (150 mg) ftfeTmMMji&n<>tc 0 5 0?$%., Pd-C 
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o Ztl* TFA (5 ml) izmmU *»T30 5HWWLfc. 5«KH^ * 

mr&mu mowmib** (lib* lm«oi, m9?%) 

3 3 . H-L-Ab9-D-Tyr (Me) -L-Ile-D-Rro-OH • TFA ©£fifc 
Boc-L-Ab9-I>-Tyr(Me)-L-Ile-D-Pro-0B Z l (1.31 g, 1. 58 mmol) 
(2 ml) fcJgfr U « (150 mg) flftT^^^ 12 ^ pd _ 

CttttMGlU £ttfc*ff*fe Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H^#7V 
. TFA (5 ml) fci** U *»T30*H«8*Lfc D £ft£*«£fe « 

a: 10) ^THftU teT^«|B^ (9 
05 mg, 1. 42 mmol, 90%) &#7t 0 

£tt*!l 3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) 

H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H.TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) RV DIEA (0.75 ml) *5*«LT 30 ^ DMF (110 ml) fc 

10% fiay^ 4 * NaHC0 3 , *J;t^ifi*T^K MgS0 4 T«^Lfc 0 

y^y*^*^?^- (4X30 cm, l«^/^/^ c ^ 
A) Mttft* 146 mg (23%) mtt. HPLC ftfflftllU 9.06 min. , 

HRMS (FAB, dithiodiethanol), 579.2197 [M+H] , C 27 H 41 0 6 N*Br (579.2182). 

Sfc, i on Ab6 <DWm*® Br \m&Lxm®L1t HOAt adduct 
^xh7^^K\ cyclo(-L-A(0At)6-D-Tyx(Me)-L-Ile-D-Pro-) 167 mg (27%) 

LX*1t. HPW^mmm, O^, HRMS (FAB, dithiodlethan 
ol), 635.3312 [M+H], C^O^ (635. 3306) . 

3 5. Cyclo (-L-Ab7-I>-Tyr (Me) -L-Ile-D-Pro-) ©£•/£ 
H-L-Ab7-D- T yr(Me)-L-Ile-D-Pro-0H.TFA (l. 15 g, 1.84 mmol), HATU (1.05 
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g, 2.76 mmol) &7J? DIEA (1.28 ml) £ 5 UT 30 DMF (180 ml) 

^kS/^^ofCo ±tlH1i(CffiigLT 700 mg (64%) <D7 A£r# 
fc 0 HPLC fffl. 9.90min., HRMS (FAB, dithiodiethanol), 593.2300 [M+H 
], C^O^Br (593.2339). 

MMm 3 6 . Cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) <D&f& 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (512 mg, 0.80 mmol), HATU (455 m 
g, 1.20 mmol) RTF DIEA (0.56 ml) &5#§iJLT3 0#&(- DMF (80 ml) \Z 

tc a MgSOt-Qfflmis fm. 7*-^m*77y*s^s])i>>f;v?xi-<?yif7 

7 4— (4X30 cm, 1%*?/—;1< / ^pp*M) T?^fMU 267 mg (55%) <D 
7* — A^r#7cio HPLC fiy$B#|Rk 9.95 min. , HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], C 29 H 44 0 5 N/ 9 Br (607.2495). 

WBM 3 7 . Cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (D&fo 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) RX$ DIEA (0.64 ml) ^5^fJbT 30 DMF (150 ml) \Z. 

o HgSO^nmk, 7*-&ma*79y*s* ;> s])%>?M*^Y?7 7 

J- (4X30 cm, J—)\> / ^p*/^) tiSU 533 mg (61%) <D 

70r-J**W^ o HPLC V&ftJftm, 10.9 min., HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], C^O^Br (621.2652). 

HJfeM 3 8 . Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&& 

cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (146 mg, 0. 252 mmol) <D DMF (0.5 
ml) m&K^mfcflVVJ* (57.6mg, 0. 504 mmol) %Mz_X 3 IJ^aSSiir 

± 0 sM^ilit^ m^^Mmmu m?^ym^mmR^m±^ 
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XTfrtlfimm^X 114 mg (79%) <^5»£#fc 0 HPLC &&m®, 9. 06 mi 
n., HRMS (FAB, dithiodiethanol), 575.2879 [M+H], C^O^S (575.2903). 
MMM 3 9 . Cyclo (-L-An7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D^ffr 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (133 mg, 0. 226 mmol) <D DMF (0.5 
ml) WmK ?*Wm*V*I» (52 mg, 0.452 mmol) *Jp*.T 3 R^£j££i+; 

-emikmvtt, Mgso 4 mmu &&Ltz^*^xT»mmmmv 

T118 mg (89%) OfflRttfcftfc. HPLC flWW, 9.90 min. , HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C^O^S (589.3060). 

MMm 4 0 . Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D<&& 

cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) <D DMF (1 ml 
) »f£ V $ J> (100 mg, 0.878 mmol) 3 l$IHKjE$*fc 

222 mg (84%) HPLC «M t 9.95 min., HRMS (FAB, dithio 

diethanol), 603.3244 [M+H], C^O^S (603.3216). 

4 1 . Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) 
cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0.402 mmol) (D DMF (0.5 
ml) mtlcr*im*]>9A 01.4 mg, 0.804 ■nol)*Jn*T 3 

T190mg (77%) OftKitftfc. HPLC 10.9 min., HRMS (FAB, dit 

hiodiethanol), 617.3364 [M+H], C^J>^ (617.3373). 

«#|4 2. Cyclo(-L-Am6(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 30 
2) <D^f& 



WO 03/070754 



PCT/JP03/01859 



-39- 

cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <D}$J 
—?\> (0.5 ml) St^^^-/HlT^-7 (10 eq.) ^ffl§tT7t^ 
S«rKJ*Lfc. mWMltfk DMF (2 ml) fcfcfe&*U 1 M I 2 (at*/ — /P) 0.2 ml 

^in^TSfe-fk^rfTofco ^fiJoLfc SS dimer £ Sephadex LH-20 (DMF) iUy A 
■WW»Lfc. Tkfcj&nfcTB-fetfcfci LT#fc. Ifct* 82 mg (78%) „ HPLC ft&R$ 
W> 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], (yyy^ 
(1063. 5361). 

Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 

) O-a-fiJc 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0. 201 mmol) (0*9J 
—)V (0.5 ml) ^11^ / -/I'ttT^^TM $fT7tf ;l/MiSL 

v i m, <^?s~-,\,) *n%_x?m*)V74 h'VA>m&mku rnuvx ss 

dimmer &&&Xffiik LT#fc 0 Jfcfi 98 mg (89%). HPLC 12.3 min., 

HRMS (FAB, dithiodiethanol), 1091.5684 [M+H], C^O^t (1091.5674). 
^J60N4. Cyclo (-L-Am8(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
6) <D&f£ 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-I>-Pro-) (222 mg, 0. 368 mmol) (D*?J 
-JV (0.5 ml) mt\Z**y~*&Ty*~T&ltm£&XT±3-JV&%&2;h 
% 1 M I 2 (^/-/v) ^Dx:t»^7^ KJJ/v-gSrlMtU ftMUTSS 
dimer *66»*iLT#fc. Jfc4 167 mg (8150 „ HPLC fMty$RK 13.0 min., 
HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], C^O^S, (1119. 5987) . 

Cyclo (-L-Am9(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

8) (o&m 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) <D*9J 
—A> (0.5 ml) ^il^ ^ / -;^7y* =7M $f X7t f I 
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dimer «rfift»** LT#fc. Ifc* 84 mg (985t) 0 HPLC ft#*||Q % 14.2 min., 
HRMS (FAB, dithiodiethanol), 1147.6307 [M+H], CJ^O^ (1147. 6300). 

mmm4 6. Cyclo(-L-Am7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 404)©-g-/?fc 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0.45 mmol) © DMF (0 
• 5 ml) mtK**S~A4aLT>*=T (10 eq. ) ^«S*T7tf*iMl 
*U 7^=7tW| 4 WWhx^/^ (10 eq.) *ft|*. % 1 M I 2 
(a*/-*,) o.2 ml taifCiflsWJoft. «Lfc SS hybrid £ Sephade 
x LH-20 (DMF) tt*£tt**frV\ LT 

M 30 mg (11 JO. HPLC ftftttRU 8.9 min., HRMS (FAB, dithiodieth 
anol), 622.2877 [M], ^0^(622.2859). 

HMI4 7. Cycle (-L-Am7(S2Py)-D-Tyr (Me) -L-Ile-D-Pro-) (SS hybrid : SC 
OP 401)©-g^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) © DMF (1 
ml) %m\- 2, 2'-mt'y^y (31 mg, 0. 14 mmol) XtM ^-AHtTV* 
(10 eq.) SriJ^ 8l*|SH»*Lfc D &^**ffift« t»77r^ 
'✓y*^PTh^7-f- (4X30 cm, 1 ^ 
tiU 15 mg (380. HPLC ftftflfflL 9.6 min., HR 

MS (FAB, dithiodiethanol), 656.2952 [M+H] , C 33 H 4B 0 6 N 6 S 2 (656.2940). 

mnW4 8. Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 402)©^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) ©DMF (1 
ml) »4,4'-i?ftlfy^y (75 mg, 0. 34 mmol) Z&ttJ-A&Tl' 
(20 eq.) &&|* % 8*WaH*Lfc. m»*7?y*> 
a^y^/^ B vN^7^ (4X30 cm, lW^^/^n*^, 
■dWU *Efe«**ftfc. 13 mg (13%). HPLC ft**NU 6.5 min., H 
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RMS (FAB, dithiodiethanol), 656.2934 [M+H], C^O^ (656.2940). 

Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 403) <D&f& 

5, 5' - If* ( 2 P (515 mg, 1.4 mmol) <D DMF (2.8 mL) 

8S8£fc\ MT-J^^T^y (343 mg, 3.0 mmol), DCC (867 mg, 3. 0 mmol) 
JkTF HOBt • H 2 0 (214 mg, 1. 4 mmol) £7jp;i N 8mmMWLfc 0 &»T^®£*& 

*Lfc e 77'r^V!J*^ovh^77^- (4X30 cm, 1% 

* ? / / $ n o * A- A) U 5, 5' -S^tf- \?x ( 2 h p ^-^ v^i? 

^/KT^ F) £#fc 0 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) CO DMF (2 
ml) M^5,5'-v ? ^lfX(2-=hu^if^^^^r^ K) (198 mg, 0. 
44 mmol) 9 J -AJ&T ^*-T (10 eq. ) *MtL, 6 B$|J8£#Lfc. K 

J&^£^$l^> 4>JrG9DMF(£*g/^U HPLC (column : YMC-Pack 0DS-A 10X250 
mm) T?»jRU «l&ffc-&«b«r#fe. 13 mg (9.3%) 0 HPLC {£JfB#P^ 9.5 mi 

n., HRMS (FAB, dithiodiethanol), 771.3201 [M+H], C„H 50 0 8 N 6 S 2 (771.3210). 
MMW 5 0. Cyclo (-L-Am7 (SMe) -D-Tyr (Me) -L-Ile-D-Pro-) (SC0P405) 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) <D DMF (1 ml) 
4-methoxybenzylmercaptan (0.056 ml, 0.4 mmol) 3o&X$h V ^'F/l'T 
5 V (0.07 ml, 0.5 mmol) MUX 2 B^lfflKJSSitrfc. ^Lfccyc 

lo(-L-Ara7(Mb)-D-Tyr(Me)-L-Ile-D-Pro-) ^^fx^-eifflL, W&Vft&* 
? (18 ml) $>X Dimethyl (methyl thio) sulfonium tetrafluoroborate % (Q. 

.9 mmol, 176 mg) MUX 2 iSMftlSS'frfc. M^HiL s ^OP^ 
Afc^U ^^Wo^h^?^- (2X25 cm, 2% *?;—;V/?u 
a^/l^A) TfKfjRU B65»*#fc. IX* 69 mg (65%) 0 TLC Rf: 0.90 (CHC1 3 
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/ MeOH = 19 / 1). HPLC mm*. 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, composition: ^ matrix: 2, 2' -ditihidiethanol) e 

mmm si. hdac mmmmm&omfe 

Sulfur-containing cyclic peptides (SCOP) ©#S3£0— 1 ~4 Km^ 0 X 
»©HMCa«|Tf*,*H5R^-J:5ftCrl-l f Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) &ycfcmt? h ftft&O 

»©Cyl-l, Cyl-2 ttSrfrn^^^-^a^i^LLfr^^^ up 0 

HMCHWgtt»jfes r fir5 fc j )fc 5 % »©=i9HDACS5»*iw»Lfc 0 10 

Omm^f r^(UX10 7 fiO2 9 3 T»JS«r4*, 2 4M«lCI: h HDAC 
U 4*fctt^^HnAC6Ma«^^ (l,g) £ Lipof ectAmine 2000 
reagent (Life Technologies, Inc. Gaithersburg, MD) h 7 V* 7^ 

^a^Lfe. fcfc, ±Et hHDACl^^^-fip C DNA3-HD1 (Ya 
ng, W. M. , Yao, Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) % t fHDAC4^^^(i p cDNA3i 
1 (+) -HD4 (Fischle, I., Emiliani, S. , Hendzel, M. J., Nagase, T. , 
Nomura, N. , Voelter, f. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) % v^HDACe^^ftp c DNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) & 
R^1t. O P T I -MEM^ f 5 ^^-^ 9 Dulbecco'sm 
odified Eagle's medium (DMEM) fcflF**3SE»UT 19 R»|R|>f y*^- h 
Ltc„ Hia^PBS-eftofcll^ lysis buffer (5 0mM Tr i s-HC 1 (p 
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H7. 5), 12 0mMNaCl, 5 mM EDT A, 0. 5%Nonide 
t P-4 0) K«U ys^-*/ 9 yifc. ±i»*5frE?*HifcJ:!>3W>, Pro 
teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) Sr^JV^T^. 
1fcmmf)9>'** £l&Wc 0 Z<D^ HD AC 1 > HDAC4lrMHfc« 
±ftfcHU ant i —FLAG M2^fr (Sigma-Aldrich Inc.) HD 
AC6*|S^$*fcjjWJia±?S^tta n t i -HA^ (clone 3F10, Roche Mole 
cular Biochemicals) *MtlX 4tT* 1 fl#WSJS£*fc. rttfcTtfn — J* If— 
X^7jp^T4 t C-ClM^^*fcm> lysis buffer "(?7;{fp—* tf—X«r 3 
IeIgfcV\ HD buffer (2 OmM T r i s -HC 1 (pH8. 0), 1 5 0 mM 
Na C I, 1 0%^IJ~feT3— /V, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) !?— IHi5fco fc G HD buffer ( 2 0 0 /i 1 ) 
FLAG^/f K (4 0/xg) (Sigma-Aldrich Inc.) *fc»*HA^^K (1 
00/ig) r-4°C s l«-T^ d r^-<-hbTT^n-^lf-X^^^'a-b7c^ 
U HDACS^i U WT© HDAC P^Stt^KJlV^ 

oi«L«iomMat, z.fo*%mn<omtm.h\,it« itt^hp 

LTHDACll^lfiWjHfcLTtobtbWS M =r**^A (TSA) 

fctt3V>o-/KZ)TSA#aE^ IfBHDACMi: [ 3 H] -tfgBfc LfcTi?^" 
/Wfct* b 3 7trc 1 5#W-T hi"5 £ fc-Cffofc 

0 0 1 ) o 1 0 /i 1 ©HC 1 SrSyjPL-TJhfc, ^Sf£O&-eij0 9 

ajs^fc c 3 h] BM*&m^frT^Mvxtmm&%mfevtc 0 m& 

Wtx !§5tt3^hP-7l'^*5»tSHDAC?gH4O5 0%ia§«S( l"IC50 (nM) j ) 

•vmvtc mi- 4) 0 
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<9m%Ltc 0 »*fc#VVfcllFtt-9fcl8Hifc h9f&mp21zfu*~-?-k,i,*s 7 
~7-*<Dm&&m- (Dr. B. Vogelstaein) Ufc»jBT?fc 10 

«^|BL^^dr^^^^ M v^T«^o7t 0 ^MFLL-9f|B 
85000 A/well ©«W«f AT? 9 6 ^ d 7° 1— h mm U * well tg 

fc 9 ±co«tt 99 it i ^ 6 *n*g u fc * «ER^M»tt i „ i * mii L 

Luc Lite (Packard BioScsience Company) £ffiV\ iteftK^LTV^^ 

*mmxm vtc 0 WM&ma&mm* tsa m ± s«*»ito sox®** 

*-M$©*&( TEC50 (nil) j )*«V>TJfc«Lfc (HU-4) 0 
X = HT*£>3 0 (DTT##) 
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IC50 (nM) 




P21 -ftt— 


9- 




SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 






148 


81.4 


17.0 


> 500000 


6720 


Cyll(LDLL) 


C5 


149 


2.37 


5.22 


44300 


596 


Cyl2(LDLL) 


C5 


150 


2.10 


4.26 


5560 


504 


Cyl2(LDLD) 


C5 


151 


932 


7340 


28500 


> 100000 


Cyll(LDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyll(LDLD) 


C5 


153 


9.13 


91.0 


8050 


9850 


Cyll(LDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


Cyll(LDLD) 


C7 



s ?i%m=t V"7**—i/ 3 Wth 5 LDLL fc£ t> LDLD «? EH4#?H < 

^2 
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IC50 (nM) P2i ? a ^-?~ 



SCOP No. HDAC1 HDAC4 HDAC6 EC50 (nM) MM 



296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


Cyl2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


Cyll(LDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


Cyll(LDLD) 


C7 



WO 03/070754 



PCT/JP03/01859 



-47- 











P21 






IC50 (nM) 






SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


401 


NT 


NT 


NT 


1360 152 + 2 -Pyridine 


402 


6.76 


68.3 


1610 


1310 1 52 + 4-Pyridine 


403 


21.5 


18.9 


6080 


1 800 1 52 + Blman's reajent 


404 


217 


355 


201000 


1 360 152 + mercaptoethanol 


405 


119 


405 


191 


3260 152 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 


402/ DTT 


0.553 


1.12 


2010 


470 


403/ DTT 


1.15 


1.53 


4730 


748 


404/ DTT 


2.44 


13.0 


15400 


754 



(NTli. ^XHLT 



SCOP 15 2 tfcftl-i^m t <D hybrid &X»hm.Wft&*#irZ> ZttfrnZtl 

fee 

m^>h^-jU (TSA) 







IC50 (nM) 




P21 7"p^— 9— 


TSA 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


TSA 


• 

19.2 


68.3 


27.2 


445 



U±<Offim*. «9 , i/3^-efc5 LDLL #<fc V h LDLD fc<Djj 
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*i«Wv^-e»4WT*#T^4-A^ (x = h) o»ic^nucn«etttB 

^5 



IC50(nM) P21^ P ^_^_ 



ggg HDAC1 HDAC4 HDAC6 EC50 (nM) 

152 NT NT NT 35 10 

(NTfi.T-XhLT 

DTT *#Tfc***T, EC50 < fto fc. DTT ^5 pH ^ 
^JSM 5 2 . U^;UX-<D HDAC M=fiHt©»£ 

^ilfsaia^ofc, mtKlIt, th^Wtt (HeLa) » 10%FB 
^a^-^fcJfl^TJBfcfctfofc. 15000 fi/nd 
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^m^S^m^mVtCo »£PBSTi5uofcm> lysis buffer (5 0mM Tr 
is-HCl (pH7. 5). 12 OmM NaCK 5mM EDT A s 0. 5 
%Nonidet P-40) fcJ8»U V ^fr~i/ 3 ^Ltc a ±if^L^SI 
fcXVMfi, SDS buffer bU&U lOOXlX* 5 ftm%kMLtiy->7'fr$: 15%SDS 

AKL5C1 (i?^r /O^-Ti/-) , 2 : anti-^ ? * (LIFE SCIENCE) T&S^ EC 

L(amersham pharmacia biotech)^3® T±?-/W& < > K£>$l£tl£rfTo7c (H 

12 6 l^-filt? , p21 ^n^-^-H^M^©^(EC50) ^-^LfcPl* 

SCP0<D»$^-r^ b^rt hJ3$jE^« (TIG-3) , t ^^/UfHflS (HeLa 
) Sr/S^Ttr ofco ^tbb TIG-3 » N HeLa 10%FBS ^^nLfc DMEMig 

Tig*£?To7c: 0 TIG-3 }* 30000 H/well N HeLa 10000 <@/well tf>£ffljjfr^g 
T*9 6^^^cryi/-h^fiiaL, 3- well =ifc 9 ±f5£>igifi 100 m 1 18 

#well©_h?f 30/* 1 £glj©9 6ft-?4?v7'l'-hK®V(A) s |£ofc±?t£ 
m^tc 0 0. 5%Triton-X / PBS £ 100 /z 1 *Px.T, £ 

fe:gij©9 e^-T^n^w— b^30nl-ro^Lfc(B) 0 rttb© 9 ^ 
o^-hA, B well \L LDH-Cytotoxic Test (Wako) (D&Wfeffl.* 30 m 1 T 
oAti, M-fea&£&i*r;fc c -hfr&M&&jSas3iA,*: RJfcfflL^ 60/zl 
^-CM&SJkSH^-lt&^fco 0D560 nm ©IS&^&^-f * V- h ]) ( 
Softmax)T«Lfc 6 j»LDH ^ LT[A/(A+B)]^*fc 0 PlW?£'£te. M 
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*«Stt©fl[ GEttftfiLDSO / d^«LD50) ffjlj^K^ #>l4UKHlttlC 
#ffl« Sr«a| L T ^ S c: t £^-f 0 

«6 





LD50 (nM) t { 






HeLa TIG-3 i 




TSA 


41.4 1580 


38.2 


SCOP 152 


370 6780 


18.3 


SCOP 304 


151 3471 


23.0 


SCOP 402 


1170 13300 


11.4 


SCOP 405 


179 7900 


44.1 


SCOP 304/DTT 


47.1 1190 


25.2 


SCOP 402/DTT 


161 4460 


27.8 



SCOP 152, SCOP 304 Jk.Tf SCOP 402 ©Jt»«t»^©^tt©ff«H:KT©^fe-C 
*Tofc 0 FCS 99/i 1 *fcSC0P 152 £tf SCOP 304 (10 mMh SCOP 402 (10 mM) £ 

i!Wi©fc»K:^ft*oihci taijtTttWLfc. ^om^AA 800/1 1 £ 
^^^ftg^tfcmDMSO 100 /i 1 frAP^T**?***. ^©M^I 
iCDMSOl?! OfflP*«3LfcfeOSrffiV>Tp21 ^n*-^II»jStt©aSftfj 0 fc 

EI 7 fc^-Til 9 , Jkm^ I? SCOP 304 & J;7J? SCOP 402 ft SCOP 152 «£ 9 
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i •? tkmvtco HeLa mm^MLxit^^im str-fc^vwt v 

^tffiUt^ b^©T*f/Hbv</wSri>a^^^T?fll8RLfe (08) . §¥£H 
thf^^ (HeLa) \t 10KFBS &*&bUL;fc DMEMi#Jfi£JlV\ 37°C N 

r. (Dmfc* 15000 fi/ml ©«8Jfi«ST 6 I^V— \ \Z. 2 ml JUL, 18 f$ffli#» 
bfc^, ttR^b-^4M$tt& TSA, SCOP152*5J;TJ ? SCOP304I*200 nM, SC0P402 & 

l/iM^si saamu 5\%m%m£j$mmmvtc 0 -®fcoft&* 1 

ysis buffer (50mM Tris-HCl (pH7. 5) s 120mM NaCl % 5mM EDTA, 0. 5% Nonid 
et P-40) fcfiBBU y^-v-a ^L-fco ±?f&^fr#ltfc<fc9*ie\ SDS buf 

v 5 — K 2^^ : anti-^t>^(LIFE SCIENCE) "CMS^ ECL (amersham pharmacia 
biotech)*&SU T-fe^vWfc'^ K<Z>fcfcHStfTofc 0 
^KW-fb^ttHDACl, 4fc*rLTWt3fiV^ia*jgttSr^UfedS, HDAC6 |C» 

Lxtm ^ if iB*8H9:*#fcfti&>o fc hdac6 iftf^m^W < > jE?r 

AC6 «rH§i-§ £ fc ttBJ^fcojfcdSS BrtBttdS#^fctt5. *»W©fl2-a*R: 

hdac6 vmfcmmmzm< , tsa Kfcv^^^y^&asfcs r t t> 

±i£©jI!K *»«©flS^*tt, HDACl, 4lC#LT51&&K:^|a^|£tt& 
^1"o ^oT, >#=3M!©fl?&*fJ, HDAC, HDACl, 4fcH#LW3 
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i. skT<D—f6&: (i) x~7F£tiz>4k&m 0 

R 43 O 




K«t», R,„ R 21 , R 31 , R il \tttl?hm±LX&m±tcti*T/i'm%^ir 0 R^, 

r^, r 32) r 33 , r 42 , RtjtzfiztimiLhxfom, $m%Li~e><D%m.T}v*)vm 

/v^r/V^(OV^tt^^1- 0 RzitRzz, R^tR^, R 3! k. R^, R^R^, R« 

mm i~5 (D%mr;v*vi/m. mm i~e ^^?r^i-2>m*^« i~5 

5 r i: i 5 T^^^St L < fiT y Tfcfcttt&tBRa, K«, R 32 , R 33 , R 42 
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8. h^T-fe^Hb^l^fc«4^SL^li^ % ^ gBjfc-g? 

Mo 

9. -JRS; (2) 



n fi-$5£ (1) -e^LTcii^-efc!?, Hal tt«*JS^ 
*«-f-) T^^tb^^^^, (3) 



(^ c f J , R„, R 21 , R^, R 31 , R 32 , R 33 , R 41 , R^, S.tfR^ (1) T* 




(2) 



HNR21 




COOP2 



(3) 
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!fei:^f K^IJ©#ftT«$t, (4) 

In Ha ' R22R23 R32R33 R42R43 

iP" V V V 

Pi-NRii^^CONR21 x '^ Vs CONR31^^CONR41^^COOP2 

(4) 

(5£<K n, R n , R 21 , R^, R 23 , R 31 , R 32 , R 33 , R 41 , R 42 > K> K P 2 > Hal J± 

% mu^m^tnmx^h^) ^^Mit^m^m, ^v^im-^ (4 

) ^3*l5fl^4fe&* t>b<r4*B7K^»l-J:9, P, 

RX$ P 2 &B&£Lfc^fc:> ^^Wt^OfffcT^llfl^S** -jRS: (5 
) 

R43 

R23 (5) 

(5^ n, R m R 21 , Rj. 2 , R,,, R 3I , R 32 , R M , R 41 , R 42 , R 43 > Pi» P 2 » &tfHal ri 

) 

R22R23 R32R33 R42R43 



y y y 



(6) 

Pi-NR21^" "^CONRsi^ ^CONR4i^ ^COOH 

(5fc4\ R 21 , R^, R 23 , R 31 , R 32 . R» R 4 i» R«> R«> Xtf P, tt> Lfc 
tmU-ehZ) t?/T^ti5M?:^ -jR5£ (7) 
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